Background-Neuroimaging studies of emotion in schizophrenia have reported abnormalities in amygdala and other regions, although divergent results and heterogeneous paradigms complicate conclusions from single experiments. To identify more consistent patterns of dysfunction, a metaanalysis of functional imaging studies of emotion was undertaken.
Neural structures involved in emotion processing, particularly the amygdala, have been an active subject of neuroimaging research in schizophrenia. Findings from different paradigms and different laboratories have reported a variety of results, from reduced (10) (11) (12) (13) (14) to increased reactivity (15) (16) (17) to emotional stimuli. To make sense of these disparate findings, meta-analyses have recently appeared. Li and colleagues (18) used activation likelihood estimation (ALE) to examine 15 studies of face emotion processing in schizophrenia. ALE is a voxel-based meta-analytic technique for examining the spatial distribution of activation foci reported across studies, comparing that distribution to a random distribution, and determining where clusters of foci exceed a chance distribution (19) . Li and colleagues found that patients with schizophrenia underactivated the amygdala. In a meta-analysis focused only on amgydala effect sizes in 35 neuroimaging studies, Anticevic and colleagues (20) found reduced reactivity in contrasts between negative and neutral stimuli (including more than just face stimuli), although of small effect size (0.20 SD). However, they found no difference between patients and controls in a direct comparison of amygdala activity for a negative condition. Thus, questions about amygdala dysfunction in emotion processing in schizophrenia remain.
Voxel-based meta-analytic studies, such as ALE, have the advantage of revealing consistent patterns across studies, to confirm tentative conclusions from single studies and generate new hypotheses from unexpected commonalities. Thus, the voxel-based approach can identify regions outside the amygdala that may be relevant for emotion dysfunction in schizophrenia. For example, visual cortex is modulated by emotional visual stimuli (21, 22) . Other regions implicated in neuroimaging studies of emotion include the superior temporal sulcus, the supramarginal gyrus, dorsomedial prefrontal, anterior cingulate cortex, orbitofronal cortex, insula and subcortical areas (23) . While the study by Li and colleagues identified reduced activity in the fusiform gyrus, right superior frontal gyrus, and lentiform nucleus of schizophrenia patients, 4 studies (24-27) out of the 15 included in their metaanalysis used restricted search regions, focused on the amygdala. The inclusion of coordinates from such studies biases a meta-analysis away from the excluded regions and in favor of the included regions. The ALE-type analysis is based on testing the null hypothesis that foci are randomly distributed throughout the brain. Thus, an unbiased meta-analysis is critical to addressing the question of which brain regions are implicated in emotion processing deficits in schizophrenia. Furthermore, in light of the very modest effect size observed by Anticevic and colleagues for the amygdala (20) , the findings reported by Li and colleagues (18) may not persist in an unbiased analysis.
In the present study, we sought to mine the growing literature on emotion in schizophrenia to generate maps of regions throughout the brain, both in and outside the amygdala. Because emotional processing deficits are many, and not all emotional constructs are equally wellprobed, we confined our analysis to two related processes -emotional experience and emotion perception (28) , both of which fall within the construct identified by Ochsner as 'recognizing/responding to socio-emotional stimuli' (29) . Combining studies within this construct maximized the power to identify common areas of difference. We predicted reduced activation in the amygdala, as well as reduced modulation of visual cortex during emotion perception tasks. In addition to specific predictions, this whole-brain meta-analysis had an exploratory aim to identify other regions of difference. For example, previous metaanalyses of emotion processing have not observed enhanced activity in schizophrenia patients (18, 20) , which would constitute an important finding that neural responses to emotional stimuli in schizophrenia are not all characterized by hypoactivity.
Methods

Study Selection
Medline and PsycINFO databases were searched through January of 2011. Search terms included "emotion," "affect," "affective," "emotional," "social perception [MeSH term]," crossed with schizophrenia (as well as variants, including schizoaffective, psychosis) and neuroimaging stems (MRI, magnetic resonance imaging, PET, positron emission tomography). In addition, bibliographies of published studies were also scrutinized. Studies were reviewed and classified by one of the co-authors (IFT, IB, AH), and then reviewed again by the first author (SFT). Studies of pain were excluded, unless they focused on the anticipation of pain. Studies of reward were not included. Eigthy-eight articles were identified that could possibly meet initial inclusion criteria, which were: 1) published in English; 2) included control and patient groups, with statistical comparisons between groups; 3) used PET or fMRI; 4) used standardized coordinates to locate differential activation via subtraction between tasks ('contrasts'); and 5) conducted unbiased, whole brain search. Of these 88, 3 did not include stereotactic coordinates, 19 did not include a healthy comparison group, 17 did not use whole brain coordinates, and 6 were excluded for various reasons (re-analysis of previously published data, analytic technique not comparable in a general linear model framework). Of the 43 remaining articles, we identified 26 (see Table 1 ) that contained specific contrasts, which isolated either 1) emotion perception, 2) emotion experience, or 3) a related category of cognitive tasks using emotional stimuli and isolating valence-specific processing. Together, the 26 studies involved 450 patients with schizophrenia and 422 healthy comparison subjects. Except for one (30) , all studies included medicated patients, or mixed samples of medicated and unmedicated patients. All studies appeared unique, although two by Williams and colleagues (14, 31) used the same set of patients in both, studied in separate sessions. Since the comparison subjects were different, we treated these patient-control contrasts as independent of each other.
Contrast selection
A wide variety of contrasts appear in studies of emotion. To minimize heterogeneity between studies, we focused on emotional experience and emotion perception. We conducted 4 principal analyses to interrogate the data, exploiting different approaches to studying emotion. Six studies were identified as emotional experience, i.e., isolating the feeling elicited by a stimulus, and they included visual (words, pictures) and olfactory modalities (see Table 2 for descriptions of contrasts). For emotional experience, we focused only on negative emotions, since there were inadequate numbers of contrasts using positive emotions, reasoning that the subtraction of valenced stimuli could isolate basic valence circuits common between modalities. Seventeen studies were found using contrasts of emotion perception. In one study (11) , subjects rated the valence of a face, but because multiple face emotions were presented and analyzed, we classified this as a perception task. Of these studies, only 2 (32, 33) contrasted valenced stimuli (positive and negative); thus, both were included. Many studies of emotion perception did not match for effort and stimulus complexity; however, because unmatched contrasts used salient emotional stimuli, e. g., emotional faces contrasted with shapes, we elected to include these unmatched contrasts in the emotion perception analysis.
We also conducted a third analysis to identify group differences in more generally defined emotion-related areas, not specifically tied to mode of presentation or nature of stimuli. This general emotion analysis combined studies from experience and perception, but eliminated studies with emotion perception contrasts that did not match on stimulus complexity and overall effort. To expand across stimulus domains, we included a third category of cognitive tasks, which used emotional stimuli without directing attention to emotional aspects of the stimuli. The cognitive studies happened to be 'n-back' tasks (in which subjects determine whether or not a token in a series matches a token presented 1, 2 or 'n' tokens back) that either used emotional faces as tokens (34) or presented odor (30, 35) during the performance of the cognitive task. The rationale for including these cognitive tasks is that, formally, an nback task with faces is identical to a gender identification task, in which subjects do not pay attention to the emotional expression of the face. While odorants were not the attended stimuli in the n-back, they elicit negative experiences, which have been shown to elicit some of the same brain regions as other emotional stimuli (28) . The combined analysis, which included 20 studies, also permitted separate analyses for negative and positive valences.
Tasks of emotional processing have also been classified as implicit or explicit, depending upon whether or not attention is directed at the emotional expression, or some other characteristic of the face. For example, identifying the gender of emotional faces constitutes implicit processing, whereas labeling the emotion of a face constitutes explicit processing. It has been suggested that the act of labeling face emotion reduces amygdala activity, compared to passive viewing (36) , although a recent meta-analysis suggests that explicit processing of emotional faces is generally associated with greater signal in the amygdala and the fusiform gyrus (37) . Thus, to examine how the implicit/explicit distinction might affect differential activation, we classified all of the tasks using face processing as either implicit (7 studies) or explicit (9 studies), and report meta-analytic results.
Meta-analytic procedure
The meta-analysis was conducted using multilevel kernel density analysis (MKDA; 23, 28, 38) . The analysis focused only on group contrasts conducted within each study for schizophrenia > healthy control subjects (SCZ>HC), or healthy control > schizophrenia subjects (HC>SCZ). Foci from contrasts of interests from each study were mapped onto the Montreal Neurological Institute (MNI) brain template (39) in 2 mm isotropic voxels. Coordinates reported in Talairach space (40) were transformed into MNI space, using SPM (tal2mni.m; 39, 41). Foci within each study were convolved with a spherical kernel of radius 10mm (42) , and voxel-wise significance was obtained via a permutation test (Monte Carlo simulation; n = 30,000), corrected for the multiple comparisons across all gray-matter voxels to derive a family-wise error rate of 0.05 (23) . As an additional safeguard against Type I errors, we report only meta-analytic foci with 10 or more voxels (80 mm 3 ). In MKDA, the unit of analysis is the contrast, not the activation foci, so that multiple activation foci from one study count the same as a single focus from another study, which partially corrects for differences in thresholding of activation foci across studies. In the results, we list both the foci contributed by the analyzed contrasts, as well as the number of independent contrasts. For additional details of the MKDA analysis, please see Supplemental Materials.
Results
Emotional Experience
In the contrasts of emotional experience, there were only 7 independent contrasts for SCZ>HC, yielding no significant meta-foci, and 9 independent contrasts for HC>SCZ, yielding a single meta-focus in the left occipital pole (see Figure 1 ; coordinates: −34, −70, 16; 34 voxels, MKDA density = 0.349, p = 0.0029). The single significant focus was generated by 2 studies, one using aversive visual stimuli (17) and the other using aversive olfactory stimuli (43) .
Emotion Perception
For emotion perception, there were 16 contrasts for SCZ>HC and 35 for HC>SCZ, yielding 4 significant meta-foci for SCZ>HC and 17 for HC>SCZ ( Figure 2A and Table 3 ). The highest density of contrasts occurred in the left amygdala/hippocampal region for HC>SCZ, which was paralleled by a similar meta-focus on the right, though less dense. Control subjects also showed greater signal in early visual processing regions, along with anterior cingulate cortex, dorsolateral frontal cortex, medial frontal cortex, and subcortical structures (thalamus, caudate, midbrain). Schizophrenia patients exhibited greater signals in cuneus, parietal lobulue, precentral gyrus, and superior temporal gyrus.
General emotion
In the general emotion analysis, only negative contrasts generated significant group differences. There were 16 contrasts for SCZ>HC and 28 contrasts from HC>SCZ (Table 4) . No significant meta-foci appeared for positive stimuli, which had only 4 contrasts for SCZ>HC and 7 for HC>SCZ. As Figure 2B shows, some meta-foci from the emotion perception contrast remained, whereas others disappeared. Meta-foci in the bilateral amygdala for HC>SCZ remained, and a new meta-focus appeared in the right hippocampus. Meta-foci in the anterior cingulate cortex and medial frontal cortex remained. However, meta-foci in early visual processing regions did not appear. For the SCZ>HC contrast, a single meta-focus appeared in the right fusiform gyrus.
Implicit and explicit face emotional processing
Examining the effects of implicit versus explicit face processing shed some light on the meta-foci from the emotion perception contrast (Figure 2C & 2D and Tables 5 and 6 ). Implicit face processing carried the signal from the amygdala contrast for HC>SCZ, although a small meta-focus appeared in the comparable contrast for explicit face processing in the right amygdala. The right anterior cingulate focus appeared in both implicit and explicit conditions. By contrast, group differences for HC>SCZ in the occipital cortex during emotion perception only appeared during explicit processing, as did the cuneus signal seen for SCZ>HC. Similarly, the left parietal and right precentral gyrus meta-foci for SCZ>HC during emotion perception only appeared during explicit emotion processing. The right medial frontal meta-focus for HC>SCZ only appeared during implicit processing. There were no meta-foci for SCZ>HC during implicit processing.
Discussion
This meta-analysis of emotion perception and experience in schizophrenia identified several salient differences in functional anatomic networks. Findings of reduced amygdala activation (18, 20) were confirmed for emotion perception, but not for emotional experience. In studies using contrasts of negative stimuli, matched on stimulus complexity and task effort, bilateral amygdala meta-foci showed the densest and largest region of greater activation in healthy subjects, demonstrating the relative robustness of this finding, even with the exclusion of studies using biased, a priori search regions. Results also confirmed reduced modulation of visual processing areas in schizophrenia, as well as reduced activation of the right medial frontal gyrus. Emotion processing also recruits subcortical structures besides the amygdala, in the midbrain, diencephalon, hippocampus, striatum, and thalamus (23) , which were showed reduced activation in schizophrenia. While the metaanalysis could not precisely evaluate the role of performance deficits on activation, the findings for implicit face processing, in which emotional valence was not the focus of attention, suggest that reduced activity in some regions, such as the medial frontal wall and bilateral amygdala, were not driven by a failure to carry out the overt task. Lastly, the demonstration of overactivity --in the cuneus, superior temporal gyrus, parietal lobule, and precentral gyrus --in patients provides new information on the extent of emotion processing dysfunction in schizophrenia.
Emotional experience
The study of emotion in schizophrenia has revealed paradoxes, such as preserved appraisals of emotional stimuli in the presence of reduced affective expressiveness (7). Published results vary, but a recent meta-analysis concluded that schizophrenia patients do not differ in their subjective ratings of negative stimuli from control subjects, although they do report more negative experience of neutral and positive stimuli (5). The current meta-analysis attempted to systematically address whether or not neural substrates associated with emotional experience were, indeed, abnormal. Tasks that isolate emotional experience focus on a specific feeling induced by an emotional stimulus, whereas emotion perception involves rating or judging normative aspects of a stimulus, e. g. labeling the emotion of a face. A meta-focus of reduced activation in schizophrenia appeared in the left occipital region, with foci contributed by a visual task (17) and an olfactory task (43) . The occipital meta-focus falls outside the regions commonly recruited by emotion tasks (28) , and it may reflect aberrant connectivity in networks processing emotional stimuli, which has been reported in the occipital pole of schizophrenia patients processing emotional faces (44) . The number of studies contributing foci to this analysis was small, but the existence of a common meta-focus implies that more studies may reveal more meta-foci. Thus, even though subjective ratings of emotional experience may not differ between patients and controls, neural activity to negative stimuli may look different.
Amygdala
Our results demonstrate that when contrasting valenced with neutral stimuli, schizophrenia subjects do not show the same specific reactivity as comparison subjects. The amygdala, comprised of several nuclei with different functional roles, is sensitive to stimuli indicating threat, such as fearful faces (45, 46) , and more generally serves as a salience detector (47, 48) . The meta-analytic finding was most concentrated for negatively-valenced stimuli, which were mostly fearful faces. Amygdala reactivity differences were largely driven by implicit contrasts, e.g., identification of face gender, and much less so by explicit emotion tasks, such as labeling a facial emotion, possibly related to findings that labeling emotion reduces the neural signal (36, 45, 49) . Importantly, as we did not test implicit versus explicit processing, we cannot conclude that implicit processing shows a greater difference in the amgydala than explicit processing, and as more studies are added to the literature, a strong amygdala signal may yet emerge for explicit processing. Although we found no differences in amygdala activity for emotional experience, experience-based tasks, in general, are poor elicitors of amygdala activity (28) , and the small number of studies in the emotional experience contrast makes any conclusions about a negative finding very dubious. While the positive findings in the other contrasts might reflect the fact that patients with schizophrenia have more difficulty perceiving facial emotion (3), there was insufficient data amongst the reported studies to relate performance to neural activity.
It is important to emphasize that the meta-analytic finding showed reduced, specific reactivity of the amygdala, and not overall reactivity. As mentioned above, Anticevic and colleagues found no differences between patients and control subjects when contrasts were made between schizophrenia patients and controls that did not involve an interaction between valenced and neutral stimuli (20) . Increased activity to neutral faces has been noted in the amygdala (50, 51) and adjacent parahippocampal gyrus (16, 25) . It was not possible to evaluate the response to neutral faces in this meta-analysis, but a plausible interpretation of the results is that patients may have an overactive response of the amygdala to neutral stimuli, meaning that contrasts, e.g., between fearful and neutral faces, would appear to show 'underactivation.' Given that fMRI BOLD studies can only show relative change between conditions, it is instructive to note that of the 4 positron emission tomography studies in Anticevic et al, which can measure absolute regional blood flow, two reported significantly greater amygdala activity for all conditions (15, 17) , one reported nonsignificantly greater activity for all conditions (52) and one reported less amygdala activity (53) . Taken together, findings in the literature raise the issue that reduced specific reactivity, or underactivity in an emotion-neutral contrast, might reflect a general overactivity of the amygdala, an interpretation that fits with conceptualizations of schizophrenia as responding to non-salient stimuli, as if they were salient (54) . Other possibilities need to be considered, e. g. that schizophrenia causes a reduced responsiveness to salient socio-emotional stimuli in general (less activity to both neutral and emotional faces). Data measuring baseline activity, e.g., with cerebral perfusion, as well as examination of contrasts between neutral faces and baseline, will be necessary to determine the effect driving the observed data.
Anterior cingulate and medial frontal cortex
One meta-focus of reduced activation in schizophrenia that appeared across all analyzed contrasts was in the anterior cingulate cortex (ACC). Another meta-focus in the dorsal medial fontal cortex (dmPFC) appeared in all contrasts but explicit face processing. Both regions are consistently recruited by emotion tasks, and the ACC is preferably activated during emotion perception tasks (23) . The ACC is thought to play a key integrative role in emotion, performance monitoring, motivation, and arousal (55, 56) . Structural (57, 58) , post-mortem (59) , and functional studies (60) have implicated this structure in schizophrenia. The dmPFC processes complex social stimuli, including social inference and self-relatedness (61, 62) . Also appearing was the dorsolateral prefrontal cortex for explicit emotion perception, a region less implicated by emotion tasks than medial frontal cortex, but still involved in higher-level emotional appraisals and re-appraisals (63), and also wellknown to exhibit aberrant function in schizophrenia (60, 64) . However, the important finding in the medial wall, particularly the ACC, reinforces the role of these areas in the pathophysiology of schizophrenia, which can now be seen to include basic emotion processing.
Posterior areas
Reduced activation of posterior, visual processing regions during emotion perception was expected, and it replicated and extended prior meta-analytic work (18) . Bilateral fusiform gyri and occipital poles are modulated by salient, emotional visual stimuli (23), possibly via back projections from the amygdala (65) , and the majority of the studies in the meta-analysis used visual stimuli. The signal in visual processing areas only appeared in one small metafocus in right lingual gyrus in the general emotion analysis, which excluded contrasts not matched on visual complexity, such as judging faces relative to shapes (10, 12) , to scrambled faces (66), or to baseline (50, 67, 68) . Thus, it is possible that majority of these occipital meta-foci represent less the effect of valence-specific emotion, and more the effect of processing complex socio-emotional stimuli, such as faces. Reduced activation of the fusiform face area (FFA) has been reported (69, 70) , (although see (71) , along with abnormal frontal connectivity (44, 72) and reduced early event-related potentials (73) (74) (75) while processing faces. With this important distinction in mind, in so far as face stimuli beyond to a broad class of socio-emotional stimuli (29) , the meta-analytic results implicate posterior, occipital regions as showing reduced reactivity while processing salient stimuli.
Greater activation for schizophrenia subjects
Greater activation for schizophrenia patients during emotion processing was found, something not revealed in prior work. During emotion perception, the patients showed a larger signal in the cuneus, left parietal lobule, right precentral gyrus and left temporal lobe --all regions (except the left temporal lobe) not commonly activated in emotion tasks (23) . In the general emotion analysis, which excluded studies not matched on stimulus and response complexity, these foci of greater activity disappeared, a fact that might explain why regions outside typically recruited emotion-processing areas were found in the emotion perception contrast. In the general emotion contrast, patients showed increased activity in the right fusiform gyrus. Examination of this result revealed two studies that contributed foci -one using an n-back with faces (34) , and the other using words to indicate a potential shock (32), neither of which would be expected to recruit fusiform gyrus. One may speculate that schizophrenia patients recruited non-emotional regions as a compensatory process, e. g. greater cognitive effort to encode emotional stimuli, more ambivalent interpretation, etc. Whatever the reason(s) for the greater activation signal, it is important to note that schizophrenia patients do not simply show reduced activation when processing emotional stimuli.
Limitations and conclusion
This meta-analysis represents an 'interim report' from the field, and with the following caveats. In spite of the attempt to limit the analysis to relatively homogeneous contrasts, differences between studies and non-standardized experimental parameters (stimulus duration, trial design, timing of response, etc.) introduces an unavoidable heterogeneity. In general, this fact reduces the ability to generate common findings, but it also raises the possibility that common areas of activation are functionally different and cannot be lumped together. While it may seem surprising that only 2 studies can generate significant foci, this reflects the relatively small numbers of contrasts for some of the analyses, and significant foci indicate the low probability of a chance occurrence of foci in the same vicinity. With 30,000 Monte Carlo simulations and a relatively conservative cluster size (> 10 voxels), we feel that our positive findings are solid and should endure as more studies are added to the literature. However, the absence of findings, e.g., in the insula, may reflect poor experimental power with relatively few contrasts; consequently, no conclusions should be made about areas that do not show up in the meta-analysis. It is very likely that as more published data become available, more regions of the brain will be implicated, along with information relating symptoms and functioning to specific networks. Lastly, all of the samples in the included studies, save 1, used medicated patients, raising the question of whether medication effects contributed to the results. Despite these limitations, the data begin to demonstrate the networks implicated in this important phenomenological dimension of the illness.
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